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[57] ABSTRACT

A constant-current circuit has a depletion type FET
and a series circuit consisting of an impedance element
and an enhancement type FET connected in parallel
between two terminals. The gate electrodes of the re-
spective FET’s are connected to a juncture between the
impedance element and the enhancement type FET,
and current which flows through the depletion type
FET is set to be sufficiently larger than a current which
flows through the series circuit. The voltage across the
enhancement type FET is made substantially equal to a
threshold voltage thereof, whereby the constant cur-
rent characteristics of such constant-current circuits
are checked from being dispersed.

4 Claims, 4 Drawing Figures
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CONSTANT-CURRENT CIRCUIT

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a constant-current circuit,
and more particularly it is devoted to a constant-cur-
rent circuit which is constructed of insulated gate field-
effect transistors (hereinbelow, simply termed FET’s).

In general, in semiconductor integrated circuits con-
structed of FET’s, it is common practice to fabricate
the entire circuit of enhancement type FET’s. How-
ever, an mtegrated circuit which has a excellent delay
time and power factor becomes possible by applying a
depletion type FET as a load. This is described in, for
example, ‘Denshi Zairyo (Electronic Material)’, April
1971, pp. 52 - 54.

In case of employing the load element as a resistance
R which determines the CR-time constant of an oscilla-
tion circuit constructed of FET’s, the charging charac-
teristic is not changed even by a fluctuation in the
supply voltage and the oscillation frequency is stabi-
lized because the load element has a constant-current
characteristic. |
A current | flowing through the load element, how-
ever, is represented by the following equation (1) and
varies largely on account of the. dispersion of the
threshold voltage V,,, being a process parameter.

. .-I#';;-ﬁ thhnz (1)
where 3 denotes the channel conducti?ity to 1. V of the
gate voltage, and V,, the threshold voltage.

In the oscillation circuits employing the load ele-
ments, accordingly, the oscillation frequencies are dis-

persed due to the dispersion in the process, but the
stabilization of the oscillation frequencies of the indi-

vidual oscillation circuits is achieved against the fluctu-

ations of the supply voltage. - - - | |

This invention has been made in order to solve the
above problem. It has for its object to suppess the dis-
persion of the constant current characteristic ascrib-
able to the dispersion in the process, in a constant-cur-
rent circuit constructed of FET’s. Another object is to
make improvements in the temperature characteristic
simultaneously with the suppression of the dispersion
of the constant-current circuit. | | |

The fundamental construction (1) of this invention
for accomplishing the object resides in a circuit
wherein a depletion type FET M, and a series circuit
consisting of impedance means and -an enhancement
type FET M, are connected between two terminals A
and B and wherein gate electrodes of the respective
FET’s M, and M, are connected to a juncture between
the impedance means and the FET M,, characterized in
that a current I; which flows through the FET M, is set
to be sufficiently large in comparison with a current I,
which flows through the series circuit, and that a volt-
age across the FET m, is made substantially equal to a
threshold voltage of this FET M,

The construction (2) of this invention resides in the
circuit of the fundamental construction (1), character-
ized in that the impedance means is made a depletion
type FET Mj, a gate electrode of which is connected to
the terminal B, and that the FET M, is used in a positive
temperature characteristic region or the FET M; in a
negative temperature characteristic region.
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Hereunder this invention will be concretely ex-
plained along embodiments with reference to the draw-

ing. |
BRIEF DESCRIPTION OF THE DRAWING:

FIGS. 1 and 2 are circuit diagrams each showing an
example of this invention, FIG. 3 is a circuit diagram
showing an example in the case where this invention is
applied to an oscillation circuit, and FIG. 4 is a diagram
of the Vg — jps characteristic curves of FET’s M, and
M, |

Ml-Ma', MIF_NL?.,: MIH-M3”3 MSI_MSS aré FET,S:
and R - R’ are resistances.

FIG. 1 1s a circuit diagram which shows an example
of the constant-current circuit according to this inven-
tion. As illustrated in the figure, the circuit is made up
of a construction to be stated below.

A depletion type FET M,, and a series circuit consist-
ing of a resistance R and an enhancement type FET M,
are connected In parallel between two terminals A and
B. The gate electrodes of the respective FET’s M, and
M, are connected to the juncture between the resis-
tance R and the FET M.. | | |

In order that, in the circuit of the above construction,
the circuit impedance as viewed from the terminals A
and B may establish a constant current characteristic
free from the influence of the dispersion in the manu-
facture of the FET’s, a current I, which flows through

~ the FET M, is made sufficiently large in comparison

30

35

40

45

with a current I; which flows through the series circuit
(R, M;), and therewith, the value of the resistance R of
the series circuit is made sufficiently large in compari-
son with the impedance of the FET M, so as to make a
voltage V¢ across the FET M, substantially equal to the
threshold voltage V. of the FET M.,.

From the ensuing circuit analysis, it will be under-
stood that the object can be accomplished in accor-
dance with this invention of the above construction.

The current I, which flows through the FET M, is
expressed by the following equation (2):

Ilz'%"'ﬂ: (Van + V)2 (2)

where 8, denotes the channel conductivity of the FET
M, to 1 V of the gate voltage, and V,,, the threshold

voltage of the FET M,.
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On the other hand, the current I, which flows through
the series circuit (R, M;) is expressed by the following
equation (3): - S |

V - V{; | |
R == 'i" B: (Ve — Vag)?

Ig=

(3)

where $; denotes the channel conductivity of the FET

"M, to 1V of the gate voltage, and V. the threshold

voltage of the FET M,.

From Eq. (3), the voltage V; is evaluated as the
following equation (4): |

| Virs (4)
Ve = Vs 'R 8, + R le R B, +—R 8, + V)

"R By, >> 1, Vg = V,; is obtained from Eq. (4).
This signifies that the voltage V; across the FET M, can
be made substantially equal to the threshold voltage
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Vg of this FET M; by rendering the value of the resis-

tance R large.
ThlS Eq. (2) is represented as the followmg Eq (35):

Ii=;_ﬁl (Vi + Vepe)? .(5)
Further, a current I which flows between the termi-
nals A and B is expressed by I, + I, Since I, >> I, the
current I becomes substantially equal to the current I,
and 1s therefore given by the following Eq. (6):
/= ;_ Bi (Verp + Vipg)? (6)

For the above reason, the current I flowing between
the terminals A and B is a constant current Indepen-
dent of a voltage V applied therebetween and results in
forming the constant-current circuit.

(Vip + Vipe) In Eq (6) 1s a value which is deter-
mined by the quantity of ion implantation in the pro-
cess of manufacturing the mtegrated circuit. Even
when Vg, and V,; have dispersions in the manufac-
ture, the dispersions occur complementarily, and the
fluctuations of their sum (Vyp + Vie) can be made
small. Also for the dispersion in the process, accord-
mgly, the current value can be prevented from dispers-
ing.

A fluctuation with respect to the temperature of the

circuit is represented by the following equation (7):
| B
2l oLy + ver =2

a {(Vap + Vi)

+ By (Vi + V) = M

Here, when the temperature T becomes high,

a B,
a T
becomes negative because the value of 3, decreases,

while

a (Vo + Vi)
a Tl

becomes substantially zero. Therefore, the temperature
characteristic becomes somewhat large.

In this respect, the resistance R is replaced with a
depletion type FET Mj; and its gate electrode is con-
- nected to the terminal B as shown in FIG. 2, and the
FET M; 1s used in the positive temperature characteris-
tic region of the FET M, is used in the negative temper-
ature characteristic region, whereby the temperature-
dependency can be improved over the circuit of FIG. 1.

This will become apparent from the ensuing explana-
tion. FIG. 4 illustrates an example of the V¢ I, char-
acteristic diagram of the FET’s M, and M; In the. dia-
gram, curves D and E in solid lines are the characteris-
tic curves of the FET’s M; and M, at the normal tem-
perature, respectively, while curves D’ and E’ shown by
broken lines are the characteristic curves of the FET’s
M; and M, in the case where the temperature is made
high, respectively. Points A and B are those at which
the temperature-dependencies of the re3pective FET’s
M; and M; are zero. In the FET M; a region to the left
of the point A is the positive temperature characteristic
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4

region, while in the FET M, a region to the left of the
point B is the negative temperature characteristic re-
gion.

By using the constant-current circuit with the FET
M; lying in the positive temperature characteristic re-
gion as set forth above, the operating point C of the
series circuit (M, Mj) is shifted leftwards with the rise
of the temperature. This acts in the direction of in-
creasing the voltage V; which is impressed on the gate
of the FET M, By raising the gate voltage Vg, it is
inhibited that the current I; flowing through the FET
M;, tends to diminish due to the decrease of the channel
conductivity 3, In Eq. (7), the former term

a B,
aT

becomes negative, but the latter term

a (Vpp + Vi)
a T

can be made positive in the operating region as stated
above, so that the temperature characteristic can be
improved. |

Where the constant-current circuit according to this
Invention as described above is adopted as the con-
stant-current load of an oscillation circuit as illustrated
in FIG. 3, the suppression of the dispersion of the oscil-
lation frequency and the stabilization of the oscillation
frequency are achieved.

‘This mvention 1s not restricted to the case of the use

as such constant-current load of the oscillation circuit,
but it can be generally and extensively utilized as the

constant-current circuit. It will be readily understood
that the resistance R may be any nnpedance means.

What is claimed is:

1. A constant-current circuit wherein a depletion
type FET M,, and a series circuit consisting of imped-
ance means and an enhancement type FET M, are
connected between two terminals A and B and wherein
gate electrodes of the respective FET’s M, and M, are
connected to a juncture between said impedance
means and said FET M,;, characterized in that a current
I, which flows through said FET M, is set to be suffi-
ciently large in comparison with a current I, which
flows through said series circuit, and that a voltage
across said FET M, is made substantially equal to a
threshold voltage of this FET M,

2. The constant-current circuit as defined in claim 1,
characterized in that said impedance means is made a
depletion type FET M;, a gate electrode of which is
connected to said terminal B, and that said FET M, is
used In a positive temperature characteristic region or
said FET M; in a negative temperature characteristic
region.

3. In an oscillator circuit comprising

a plurality of n inverter stages connected in cascade
where n is an odd integer greater than 1, the output
of the n * stage being fed back to the input of the

- n-2 stage, and each stage including a driver field

- effect transistor and a storage element connected
thereto, and a load connected to said driver transis-

- tor, - | |

- the improvement wherein said load comprises:

- a first terminal to which a first source of potential

1s supplied,
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a second terminal connected to said driver transis-
tor, |

a first field effect transistor, of the depletion type,
having its source and drain electrodes connected
to said first and second terminals, and

a series circuit of an impedance and a second field
effect transistor, of the enhancement type, con-
nected between said first and second terminals,

the gate electrodes of said first and second transis-

tors being connected in common to the juncture

of said impedance and said second field effect

~ transistor, and wherein

the relationship between the current I, flowing

from said first terminal to said second terminal

‘through said first transistor and the current I,
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flowing from said first terminal to said second
terminal through said series circuit is I, >>I,
and the voltage across said second transistor is
made substantially equal to the gate threshold

voltage of said second transistor.

4. The improvement according to claim 3, wherein
sald impedance is a third field effect transistor, of the
depletion type, the gate electrode of which is con-
nected to said second terminal, and wherein said third
transistor operates in its positive temperature charac-
teristic region or said second field effect transistor
operates In its negative temperature characteristic re-

gion.
X kx k x ok
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